We previously proposed that aspirin can enhance the diagnostic sensitivity of renography with [123!] orthoiodohippurate (OIH) in patients with suspected unilateral renovascular hypertension (RVH). In this study we assessed the sensitivity and specificity of this method. Twenty-four patients, 14 with unilateral RVH and 10 with essential hypertension, were studied. For all patients with RVH, definitive diagnosis was based on the results of angiography and the response to renal arterial angioplasty after this study. For all patients with essential hypertension, we confirmed that there was little if any stenosis of the renal artery by digital subtraction angiography or Doppler sonography. Renography with [123I]OIH or 99mTc-mercaptoacetyltriglycine (MAG3) was done once before and once after the oral administration of aspirin (20 mg/kg). We considered renal blood flow to be decreased if the time to the peak in renography was 5 min or more, and defined the peak times of the kidneys as different if separated by 2 min or more. Unilateral RVH was diagnosed when both criteria were met. Renography before aspirin administration indicated RVH in 7 of the 14 patients with RVH, and renography after aspirin indicated RVH in 13 of the 14 patients. Of the 10 patients with essential hypertension, renography before and after aspirin administration showed no difference between the kidneys in 8 patients. Thus, aspirin renography increased the sensitivity from 50% to 93%, but did not change the specificity (80%) in the diagnosis of RVH. These results suggest that renography with [123I]OIH or 99mTc-MAG3 for the diagnosis of unilateral RVH is more sensitive when aspirin is used. (Hypertens Res 1998; 21: 209-213) 
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We previously proposed that aspirin can enhance the diagnostic sensitivity of renography with [123!] orthoiodohippurate (OIH) in patients with suspected unilateral renovascular hypertension (RVH) . In this study we assessed the sensitivity and specificity of this method. Twenty-four patients, 14 with unilateral RVH and 10 with essential hypertension, were studied. For all patients with RVH, definitive diagnosis was based on the results of angiography and the response to renal arterial angioplasty after this study. For all patients with essential hypertension, we confirmed that there was little if any stenosis of the renal artery by digital subtraction angiography or Doppler sonography. Renography with [123I]OIH or 99mTc-mercaptoacetyltriglycine (MAG3) was done once before and once after the oral administration of aspirin (20 mg/kg). We considered renal blood flow to be decreased if the time to the peak in renography was 5 min or more, and defined the peak times of the kidneys as different if separated by 2 min or more. Unilateral RVH was diagnosed when both criteria were met. Renography before aspirin administration indicated RVH in 7 of the 14 patients with RVH, and renography after aspirin indicated RVH in 13 of the 14 patients. Of the 10 patients with essential hypertension, renography before and after aspirin administration showed no difference between the kidneys in 8 patients. Thus, aspirin renography increased the sensitivity from 50% to 93%, but did not change the specificity (80%) in the diagnosis of RVH. These results suggest that renography with [123I]OIH or 99mTc-MAG3 for the diagnosis of unilateral RVH is more sensitive when aspirin is used. (Hypertens Res 1998; 21: 209-213) Key Words: hypertension, renovascular, renography, aspirin
Radionuclide renography is used widely to screen for renovascular hypertension (RVH). The method is not very invasive. Unfortunately, the sensitivity is still unsatisfactory (1). We previously proposed a new method, aspirin renography with [1231] orthoiodohippurate (0TH), to increase the sensitivity of renography for detection of unilateral RVH (2). Our reasoning was as follows: in patients with RVH, prostaglandin E2 production is higher in the stenotic kidney (3). The increased level of prostaglandin E2 helps to maintain blood flow, especially in the stenotic kidney (4). This phenomenon may be one cause of the low sensitivity when renography with [123I]OIH is used to detect clinically meaningful stenosis of the renal artery, because the results of renography reflect renal blood flow. Renography of patients given aspirin to inhibit prostaglandin synthesis has been shown to detect unilateral RVH (stenosis of the renal artery) in the same patients in whom renography without aspirin does not (2). Here, we examined whether aspirin increases the sensitivity and specificity of renography in detecting unilateral RVH.
Methods

Patients
We studied 24 patients, 14 with unilateral RVH and 10 with essential hypertension (EHT). The demographic characteristics of the patients are given in Table 1 . The plasma renin activity shown in the table was measured during a hospital stay by assay of antecubital venous blood sampled with the patient supine. At admission, all patients were receiving medication for hypertension. After admission, if the systemic blood pressure without medication was 160195 mmHg or higher, antihypertensive drugs (calcium antagonists or j9-blockers) were continued. The kind of medication and the dosages were not changed during the study. Because of these differences in patients, systemic blood pressure is not summarized in the Study Protocol Radionuclide renography was done twice for each patient, with a maximum of 1 wk between tests. The first test was the baseline study. After oral administration of water (250 ml), 74 MBq of [123I] OIH or 300 MBq of technetium-99m mercaptoacetyltriglycine (9mTcMAG3) -was injected intravenously and renal scintigraphy was done with a digital gamma camera (Starcam 400 AC/T, General Electric, Milwaukee, WI) interfaced with a computer, which generated renogram curves. A sequence of dynamic images was acquired in the posterior view, with the patient lying supine over the collimator. The second session of renography with the same radioisotope as the baseline study was done 1 h after the oral administration of aspirin (20 mg/ kg), an inhibitor of prostaglandin synthesis. Data obtained by renography were stored in 80 15-s frames of a 64 X 64 cell matrix. Regions of interest for the kidneys were traced once for each patient and used for all studies of the same patient. The time-activity curves for each kidney were plotted after subtraction of the activity in the renal pelvis from that in the renal parenchyma (regions of interest were drawn to exclude the renal pelvis on the cumulative images). As an indication of the extent of renal arterial stenosis (decrease in renal blood flow), the time to the maximum peak of the renogram curve was measured (Fig. 1) . We refer to the renal blood flow as being decreased if the time to the peak in the renogram was 5 min or more, and defined the peak times of the two kidneys as being different if they were separated by 2 min or more (5-7). Unilateral RVH was diagnosed when blood flow was decreased and peak times were different.
The study was approved by the ethical review committee of the National Cardiovascular Center. Informed consent was obtained from the patients. No patient who took aspirin suffered any side effects. Table 3 shows the specificity of renography without and with aspirin. The subjects were 10 patients without clinically important stenosis of the renal arteries. In both tests, the number of patients found not to have RVH was the same, 8 of the 10 (specificity, 80%).
Discussion
To enhance sensitivity and specificity in the detection of RVH, radionuclide renography done after the administration of captopril, an inhibitor of angiotensin converting enzyme, has been tried (1, 7-9). The rationale for this technique is that the renin-angiotensin system is involved in autoregulation of the glomerular filtration rate (10). Administration of captopril before renography inhibits the effects of angiotensin II, helping to maintain the glomerular filtration rate in the presence of renal arterial stenosis (7, 8, 11) . The tracer most suitable for captopril renography seems to be technetium99m diethylenetriaminepentaacetic acid (99mTc-DTPA), because it reflects the glomerular filtration rate. However, ['231101H and, recently, 99mTc-MAG3 are being used more often for initial renographic examinations, because these compounds are excreted by the kidneys more quickly than DTPA and because the results provide information about overall renal function (11). In addition, the first phase of the renogram curve with [1231]OIH or 99mTc-MAG3 reflects the renal blood flow (1 , 11).
An experimental study in dogs showed that the renal blood flow does not decrease until stenosis of the renal artery reaches more than 75% of the diameter of the artery, and that increased levels of re- Fig. 1 . Criteria for diagnosis on the basis of the renogram. I f the time to the peak in renography was 5 min or more and the peak times o f the kidneys were separated by 2 min or more, unilateral RVH was diagnosed. nal prostaglandins participate in maintenance of renal blood flow independently of autoregulation mechanisms (4). The role of renal prostaglandins has been confirmed in patients with unilateral RVH who have about 70% stenosis of the renal artery: the time to the peak of renogram curves of the stenotic kidney with [1231]OIH is not different from that of the normal kidney, but is delayed by more than 2 min when aspirin is given first (2).
In our study, among the 9 patients with severe stenosis of the renal artery (more than 75% of the diameter; such stenosis may decrease renal blood flow), results of renography without aspirin indicated stenosis in 7 patients. One reason why the detection was not 100% may be that the degree of the stenosis was assessed angiographically from only one angle. Stenosis of the renal artery is not necessarily concentric or symmetrical. In the 5 patients with moderate stenosis (75% or less, which may not decrease renal blood flow), results of renography indicated no stenosis in all 5, but renography with aspirin administration demonstrated stenosis in 4 of the 5 patients. These results are consistent with those of our previous studies in dogs (4) and humans (2).
When the 10 patients without clinically significant stenosis of the renal arteries were examined, renography with or without aspirin gave false-positive results in 2 patients. Such patients in whom the results of both kinds of renography are false-positive might have some renal dysfunction, or errors in renography might have occurred. One possible source of error is radioisotope pooling in the pelvis of the kidneys and in the ureter, because the patient is kept supine during renography. At any rate, the specificity of detection of unilateral RVH by renography after aspirin administration or without such administration was not different.
Renography with ['231 ]OIH or 99mTc-MAG3 is used more often than renography with 99mTc-DTPA. Recently, 99mTc-MAG3 was developed as a tracer to replace [1231] OIH, because of the shorter radioactive half-life of 99mTc (1, 11). In addition, renography with 99mTc-MAG3 can provide more detailed images of kidneys than that with ['231]OIH. 99mTc -MAG3 may be used for renography more often in the future. However, the renographic criteria for diagnosis need not be changed, because the renal excretion pattern of 99mTc-MAG3 is similar to that of ['231]OIH. The criteria used in our study are for the diagnosis of unilateral RVH. In patients with bilateral stenosis of the renal arteries or with a solitary kidney, the criteria for the diagnosis of RVH should be changed accordingly. A previous study has reported that radionuclide renography, when used alone, provided about 75% sensitivity and specificity for the diagnosis of RVH (1). The sensitivity in our study was 50%. The reasons for these inconsistent results may involve differences in the number of patients or types of RVH studied. Previous studies included not only unilateral but also bilateral and solitary kidney RVH.
Most of our 24 patients took calcium antagonists or j9-blockers during the study, because their severe hypertension required treatment. However, treatment with a calcium antagonist or j9-blocker does not affect the results of renography with or without aspirin for the diagnosis of unilateral RVH (2). Therefore, detection of RVH by renography can be done after high blood pressure is brought under control.
In our previous report, we proposed aspirin renography as a new method, based on the pathophysiological role of renal prostaglandins in RVH, to detect unilateral RVH (2). In the present study, we assessed its sensitivity and specificity for diagnosis. The number of patients in this study was small, because renography is expensive and it is difficult to examine the same patient twice or more within a short interval. However, the conclusions reached here are unlikely to change when more patients are studied.
In conclusion, renography with [1231]OIH or 99mTc -MAG3 for the diagnosis of unilateral RVH is more sensitive when aspirin is used than when it is not used.
